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(57) ABSTRACT

A solenoid valve includes: a sleeve having a supply port and
an output port; a spool valve that is housed in a valve hole
formed in the sleeve so as to be movable in the axial direction,
and that changes a flow passage area between the supply port
and the output port by moving in the axial direction; a sole-
noid portion that pushes the spool valve toward one axial side;
and a coil spring that urges the spool valve toward the sole-
noid portion. A housing hole that is a bottomed hole is formed
in the spool valve, and a columnar piston member is slidably
housed in the housing hole. The spool valve has an introduc-
tion hole through which a pressure of the hydraulic fluid
output from the output port is introduced into a space between
a bottom face of the housing hole and one end face of the
piston member.

15 Claims, 5 Drawing Sheets

The embodiment of the invention
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FIG.1A
The embodiment of the invention
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The embodiment of the invention
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FIG.2A
The embodiment of the invention
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FIG.3A
The comparative example
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The comparative example
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FIG.4A
The first alternative embodiment
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The first alternative embodiment
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FIG.5A
The second alternative embodiment
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1
SOLENOID VALVE

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Applications No. 2012-
129899, filed on Jun. 7, 2012, and No. 2012-222723, filed on
Oct. 5, 2012, each including the specification, drawings and
abstract, is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a solenoid valve that outputs
hydraulic fluid on the basis of an exciting current supplied to
a coil.

2. Description of Related Art

There is a conventional solenoid valve that includes a shaft-
shaped spool valve housed in a tubular sleeve so as to be
movable in its axial direction, and that is configured such that
a flow passage of hydraulic fluid and a flow passage area are
changed by moving the spool valve in the axial direction (see,
for example, Japanese Patent Application Publication No.
2006-112514, (JP 2006-112514, A)).

The solenoid valve described in JP 2006-112514, A
includes a solenoid portion, a spool valve, and a spring. The
solenoid portion moves a plunger using a magnetic force ofan
electromagnetic coil. The spool valve is pushed in response to
an operation of the solenoid portion and moves within a valve
hole of the sleeve. The spring urges the spool valve toward the
solenoid portion.

In recent years, reduction in size and weight of this kind of
solenoid valve has been demanded. For example, if this kind
of'solenoid valve is applied to a hydraulic control apparatus in
an automatic transmission of a vehicle, a plurality of solenoid
valves need to be arranged in an engine room. Accordingly, if
each solenoid valve is large, it may be difficult to arrange the
solenoid valves because the solenoid valves may contact
other accessories. Further, if each solenoid valve is heavy, an
improvement in the fuel efficiency of the vehicle may be
hindered.

SUMMARY OF THE INVENTION

One object of the invention is to provide a smaller and
lighter solenoid valve.

An aspect of the invention relates to a solenoid valve,
including: a tubular sleeve that has a supply port to which
hydraulic fluid is supplied and an output port that outputs the
hydraulic fluid; a spool valve that is housed in a valve hole
formed in the sleeve so as to be movable in an axial direction
of the solenoid valve, and that changes a flow passage area
between the supply port and the output port by moving in the
axial direction; a solenoid portion that operates upon recep-
tion of a supply of exciting current to push the spool valve
toward one axial side; and an elastic member that urges the
spool valve toward the solenoid portion. A housing portion
that is a bottomed hole is formed in an end portion of the spool
valve so as to extend along a central axis of the spool valve,
the end portion being on an opposite side of the spool valve
from the solenoid portion, and a columnar piston member is
slidably housed in the housing portion. The spool valve has an
introduction hole through which a pressure of the hydraulic
fluid output from the output port is introduced into a space
between a bottom face of the housing portion and one end
face of the piston member.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further features and advantages of the
invention will become apparent from the following descrip-
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tion of example embodiments with reference to the accom-
panying drawings, wherein like numerals are used to repre-
sent like elements and wherein:

FIG. 1A and FIG. 1B illustrate an example of the configu-
ration of a solenoid valve according to an embodiment of the
invention, wherein FIG. 1A is a sectional view thereof, and
FIG. 1B is an external view thereof;

FIG. 2A is an enlarged view of a housing hole of a spool
valve and its surrounding area in FIG. 1A;

FIG. 2B is a further-enlarged view illustrating a portion
near the bottom of the housing hole in FIG. 2A;

FIG. 3A and FIG. 3B illustrate an example of the configu-
ration of a solenoid valve according to a comparative
example, wherein FIG. 3A is a sectional view thereof, and
FIG. 3B is an external view thereof;

FIG. 4A and FIG. 4B illustrate a piston member according
to a first alternative embodiment, wherein FIG. 4A is an
external view, and FIG. 4B is a sectional view of the piston
member taken along the central axis thereof; and

FIG. 5A and FIG. 5B illustrate a piston member according
to a second alternative embodiment, wherein FIG. 5A is an
external view thereof, and FIG. 5B is a sectional view of the
piston member taken along the central axis thereof.

DETAILED DESCRIPTION OF EMBODIMENTS

An embodiment of the invention will be described below
with reference to FIGS. 1A, 1B and FIGS. 2A, 2B.

FIGS. 1A, 1B illustrate an example of the configuration of
a solenoid valve according to the present embodiment. FIG.
1A is a sectional view of the solenoid valve, and FIG. 1B is an
external view thereof. An operating state is illustrated in the
upper half of FIG. 1A, and a non-operating state is illustrated
in the lower half of FIG. 1A.

The solenoid valve 1 is provided in, for example, a vehicle.
The solenoid valve 1 is provided in a supply passage through
which fluid pressure is supplied to an actuator that assists a
shift operation with the use of the fluid pressure during shift-
ing of an electronically-controlled automatic transmission.
The solenoid valve 1 is used in this state.

The solenoid valve 1 includes a solenoid portion 2 and a
spool control valve 3. The solenoid portion 2 is actuated upon
reception of a supply of exciting current. The spool control
valve 3 is connected to the solenoid portion 2.

The solenoid portion 2 includes an electromagnetic coil 20,
a tubular cover member 21, a core member 22, and a plunger
23. The cover member 21 is made of a magnetic material. The
core member 22 is also made of a magnetic material. The
plunger 23 moves with respect to the cover member 21 and
the core member 22 in the axial direction.

The electromagnetic coil 20 is housed in an annular hous-
ing space 21a formed in the cover member 21. The electro-
magnetic coil 20 generates a magnetic field upon reception of
a supply of exciting current from a connector portion 201
fixed to the outer periphery of the cover member 21. The
electromagnetic coil 20 is housed in the housing space 21a,
such that one axial end thereof faces, in the housing space
21a,, a bottom 211 of the cover member 21 and the other end
thereof faces the core member 22.

The cover member 21 has a cylindrical cylinder portion
215, that houses the plunger 23, and that is located radially
inward of the housing space 21a, that houses the electromag-
netic coil 20. The cylinder portion 215, is formed of a bottom
212 and a cylindrical projecting portion 213. The projecting
portion 213 projects from the bottom 212 toward the core



US 9,297,474 B2

3

member 22. A bearing bush 214 that guides an axial move-
ment of the plunger 23 is arranged radially inward of the
projecting portion 213.

The core member 22 is a single-piece member having a
flange portion 221 and a cylindrical projecting portion 222.
The flange portion 221 faces the electromagnetic coil 20 in
the axial direction. The projecting portion 222 projects from
the flange portion 221 toward the bottom 212 and the project-
ing portion 213 of the cover member 21. An axial through-
hole 22a, is formed in the core member 22 so as to extend in
the axial direction, and a bearing bush 223 is arranged in the
through-hole 22a. A clearance 2a, is formed between the
distal end of the projecting portion 222 of the core member 22
and the distal end of the projecting portion 213 of the cover
member 21.

The plunger 23 is axially movable in the cylinder portion
215b,, and a through-hole 234, is formed in its center portion.
The base end portion of a shaft-shaped rod 24 is fixed in the
through-hole 23a. A stopper body 241 that restricts move-
ment of the plunger 23 toward the core member 22 is fixed to
the outer periphery of the rod 24.

The rod 24 is guided by the bearing bush 223 so as to pass
through the through-hole 224, formed in the core member 22,
and the distal end thereof sticks out from the flange portion
221 of the core member 22. The distal end of the rod 24 that
sticks out from the core member 22 contacts one end of a
spool valve 30 (described below) of the spool control valve 3,
and pushes the spool valve 30 toward one axial side along a
central axis C of the spool valve 30.

The spool control valve 3 includes a shaft-shaped spool
valve 30 and a tubular sleeve 4. The sleeve 4 has a valve hole
4a, in which the spool valve 30 is housed so as to be movable
in the axial direction. One end of the sleeve 4 is swaged and
fixed to a swaged portion 21c, of the cover member 21
together with the flange portion 221 of the core member 22.

The spool valve 30 is made of an aluminum alloy contain-
ing aluminum (Al) as the main ingredient, and further con-
taining metal such as copper (Cu), manganese (Mn), silicon
(Si), magnesium (Mg), or zinc (Zn) to increase its strength.
The spool valve 30 is a single-piece member having a first
land portion 31, a small-diameter portion 32 having a diam-
eter smaller than that of the first land portion 31, a second land
portion 33, and a tubular protruding portion 34, which are
arranged in this order from the solenoid portion 2 side. The
spool valve 30 is elastically urged toward the solenoid portion
2 by a coil spring 50 that serves as an elastic member that
contacts a step portion between the second land portion 33
and the tubular protruding portion 34. The first land portion
31 has a protrusion 311 that protrudes toward the solenoid
portion 2, and the distal end of the protrusion 311 contacts the
distal end of the rod 24. When the solenoid portion 2 is in the
non-operating state, the base end of the rod 24 contacts the
bottom 212 of the cover member 21, as illustrated in upper
half of FIG. 1A.

Further, a bottomed housing hole 300 that extends along
the central axis C is formed in an end portion of the spool
valve 30, which is on the opposite side of the spool valve 30
from the solenoid portion 2. The housing hole 300 is one
example of a housing portion according to the invention,
which houses a piston member 6, and has an inner diameter of
2 to 5 mm, for example. The housing hole 300 is formed to
extend from the end portion of the spool valve 30 toward the
solenoid portion 2. A columnar piston member 6 is slidably
housed in the housing hole 300. The axial length of the piston
member 6 is at least twice as large as the diameter thereof, and
is set to be shorter than the depth of the housing hole 300. The
piston member 6 is made of, for example, an aluminum alloy
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similar to the aluminum alloy used to form the spool valve 30.
The housing hole 300 communicates with a space on the
outside of the outer periphery of the small-diameter portion
32 via an introduction hole 320. Details of the housing hole
300 and its surrounding area will be described later.

The sleeve 4 has a supply port 41, an output port 42, a drain
port 43, and a tubular portion 44. Hydraulic fluid discharged
from a discharge port of an oil pump (not shown) is supplied
to the supply port 41. The output port 42 communicates with
the supply port 41 when the solenoid portion 2 is in the
operating state, and outputs the hydraulic fluid to a controlled
object (e.g., aclutch of an electronically-controlled automatic
transmission). The drain port 43 communicates with the out-
put port 42 when the solenoid portion 2 in the non-operating
state, and drains the hydraulic fluid. The tubular portion 44
has a spring chamber 444, that houses the coil spring 50.

A first strainer 51 that restricts entry of foreign matter into
the valve hole 4a, of the sleeve 4 is mounted on the supply port
41. A second strainer 52 that restricts discharge of foreign
matter is mounted on the output port 42. The hydraulic fluid
drained from the drain port 43 is introduced into a drain tank
(not shown).

The state of communication among the supply port 41, the
output port 42, and the drain port 43 is switched by the axial
movement of the spool valve 30. That is, when the solenoid
portion 2 is in the non-operating state as illustrated in the
upper half of FIG. 1A, communication between the supply
port 41 and the output port 42 is blocked by the second land
portion 33 of the spool valve 30, while the output port 42 and
the drain port 43 are communicated with each other via a
space around the outer periphery of the small-diameter por-
tion 32 of the spool valve 30. On the other hand, when the
solenoid portion 2 is in the operating state as illustrated in the
bottom half of FIG. 1A, the supply port 41 and the output port
42 are communicated with each other via a space around the
outer periphery of the small-diameter portion 32, while com-
munication between the output port 42 and the drain port 43
is blocked by the first land portion 31 of the spool valve 30.

A restriction hole 441 that communicates with the spring
chamber 44aq, is formed in the tubular portion 44. The restric-
tion hole 441 communicates with an annular groove 442
(illustrated in FIG. 1B) formed on the outer periphery of the
sleeve 4. The tubular portion 44 is provided at the other end of
the sleeve 4, which is on the opposite side of the sleeve 4 from
the solenoid portion 2, and an opening 445, of the sleeve 4 is
closed by a plug 7 having a bottomed tubular shape.

The plug 7 is a single-piece member having a disk-shaped
bottom 70, a protrusion 71, and a cylindrical portion 72. One
end of'the coil spring 50 contacts the bottom 70. The protru-
sion 71 is arranged at the center portion of the bottom 70, and
protrudes toward the spool valve 30. The cylindrical portion
72 is formed along the peripheral edge of the bottom 70, and
is screwed to the inner periphery of the tubular portion 44 of
the sleeve 4.

FIG. 2A is an enlarged view of the housing hole 300 of the
spool valve 30 and its surrounding area in FIG. 1A. FIG. 2B
is a further-enlarged view illustrating a portion near the bot-
tom of the housing hole 300 in FIG. 2A.

The housing hole 300 is formed of a large-diameter portion
301 and a small-diameter portion 302. The small-diameter
portion 302 is at a position deeper than the large-diameter
portion 301 (i.e., the small-diameter portion 302 is closer to a
bottom face 3005, than the large-diameter portion 301). An
example a method of forming the housing hole 300 is as
follows. A drill is inserted into the spool valve 30 from its end
portion along the central axis C to form a hole having a
diameter equal to that of the small-diameter portion 302.
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Then, the inner diameter of an opening side portion of the hole
is increased by a tool such as a reamer to form the large-
diameter portion 301. In this case, a bottom face 3005, of the
housing hole 300 is formed into a shape corresponding to the
shape of a tip portion of the drill. That is, as illustrated in FIG.
2B, the bottom face 3004, is formed into a tapered shape so
that the depth of the bottom face 30054, in the direction of the
central axis C becomes gradually larger toward the center of
the bottom face 3005.

As illustrated in FIG. 2B, the introduction hole 320 has, at
one end thereof, an opening 320q, that opens on the outer
peripheral face of the small-diameter portion 32 of the spool
valve 30, and has, at the other end thereof, an opening 3205,
that opens on the bottom face 3005, of the housing hole 300.
The small-diameter portion 32 has a cylindrical portion 321
located on the first land portion 31 side, and a constricted
(narrow) portion 322 which is formed on the second land
portion 33 side and of which the diameter becomes small at its
axially center portion. The opening 320q, is formed at a
position closer to second land portion 33 than a smallest-
diameter portion 322a, at which the diameter of the con-
stricted portion 322 is smallest.

The introduction hole 320 is formed by inserting a drill into
the spool valve 30 along a direction oblique to the radial
direction, which is perpendicular to the central axis C, from
the opening 320a, toward the opening 3205. Because the
opening 3206, is formed in the bottom face 3005, of the
housing hole 300, it is possible to see the opening 3205, from
an opening of the housing hole 300 after drilling. This makes
it possible to easily check whether there is a burr at the
opening 3204.

Further, because the bottom face 3005, has atapered shape,
the angle of the introduction hole 320 with respect to the
bottom face 3005, is closer to the right angle than that in a case
where the bottom face 3005, is a flat face. Accordingly, imbal-
ance of load placed on the drill hardly occurs during forma-
tion of the introduction hole 320, which makes it easier to
form the introduction hole 320. That is, it becomes easier to
form the introduction hole 320 that reliably leads to the bot-
tom face 3005,, from the outer peripheral side of the spool
valve 30.

Electroless plating is performed on an area of the spool
valve 30, which includes an inner peripheral face 3004, that
defines the housing hole 300, so as to increase its surface
hardness. Specifically, as the electroless plating, electroless
nickel plating (NiP plating) may be employed. By performing
electroless nickel plating on the spool valve 30 made of an
aluminum alloy, it is possible to increase a surface hardness
Hv thereof from 100, (when plating is not performed) to
approximately 500, (when electroless nickel plating is per-
formed), for example. By performing such electroless plating
on the spool valve 30, abrasion resistance at the inner periph-
eral face 300q, improves, resistance to foreign matter
improves, and appropriate sliding performance is maintained
even after long-term use.

An anodic oxide coating is performed on a spool valve of a
conventional solenoid valve having no housing hole 300 to
increase the surface hardness. However, air bubbles are gen-
erated during the anodic oxide coating. Therefore, if the
anodic oxide coating is performed on the spool valve 30
according to the present embodiment, air bubbles accumulate
in the housing hole 300, which makes it difficult to form an
anodized layer appropriately on the inner peripheral face
300aq. In view of this, in the present embodiment, electroless
plating that does not cause air bubbles is performed instead of
the anodic oxide coating. This makes it possible to form a
plating film without accumulation of air bubbles in the hous-
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6

ing hole 300 of the spool valve 30. As a result, it is possible to
increase the surface hardness of the inner peripheral face
300q, and to improve resistance to foreign matter and abra-
sion resistance.

Further, electroless plating similar to that performed on the
spool valve 30 may be performed on the piston member 6.
Note that, the surface treatment performed on the piston
member 6 may be an anodic oxide coating. By performing the
electroless plating or the anodic oxide coating on the piston
member 6 to increase surface hardness of an outer peripheral
face 64, the piston member 6, it is possible to further increase
the resistance to foreign matter, the abrasion resistance, and
the sliding performance.

The piston member 6 is housed in the large-diameter por-
tion 301 of the housing hole 300, and the outer peripheral face
6a, thereof is slidable with a portion of the inner peripheral
face 300a,, which defines the large-diameter portion 301 of
the housing hole 300. Multiple annular grooves 61 (three
annular grooves in an example illustrated in FIG. 2A), serving
as recesses, in which foreign matter mixed in the hydraulic
fluid is retained, are formed in the outer peripheral face 6a, of
the piston member 6. Each of the annular grooves 61 extends
in the circumferential direction of the piston member 6, and is
formed in the piston member 6 along its whole circumfer-
ence.

Because the annular grooves 61 are formed in the piston
member 6, foreign matter such as minute iron powder mixed
in the hydraulic fluid are taken into the annular grooves 61,
which improves resistance to foreign matter. That is, it is
possible to reduce occurrence of a problem that the sliding
performance of the piston member 6 is impaired, i.e., the
piston member 6 does not slide smoothly within the housing
hole 300 due to foreign matter caught between the inner
peripheral face 300a, that defines the housing hole 300 and
the outer peripheral face 64, of the piston member 6. Further-
more, it is also possible to reduce occurrence of a problem that
the inner peripheral face 300a that defines the housing hole
300 or the outer peripheral face 6a, of the piston member 6 is
damaged by foreign matter and the flow rate of the leaking
hydraulic fluid increases due to the damage. Further, the
central axis of the piston member 6 easily coincides with the
central axis of the housing hole 300 by a pressure of the
hydraulic fluid in the annular grooves 61.

A pressure of the hydraulic fluid supplied to the supply port
41 is introduced into a space 300¢, between one axial end face
65, of the piston member 6 and the bottom face 3005, of the
housing hole 300, via the introduction hole 320 during an
operation of the solenoid portion 2. That is, when the solenoid
portion 2 operates and the spool valve 30 moves toward the
plug 7 to provide communication between the supply port 41
and the output port 42 via the space around the outer periph-
ery of the small-diameter portion 32, a pressure of the hydrau-
lic fluid at the opening 320qa, of the introduction hole 320
serves as a pressure of the hydraulic fluid that is output from
the output port 42. This pressure is introduced into the space
300c¢, via the introduction hole 320.

The pressure introduced into the space 300c¢, acts on the
bottom face 3005 of the housing hole 300, and then serves as
a feedback pressure with which the spool valve 30 is pushed
toward the solenoid portion 2. This makes it possible to sup-
press an influence of variations in a pressure discharged from
an oil pump, on a pressure of the hydraulic fluid output from
the output port 42. Thus, it is possible to control a hydraulic
pressure output from the output port 42 with high accuracy,
using an exciting current supplied to the electromagnetic coil
20.
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Further, the pressure introduced into the space 300c, acts
on the one end face 64, of the piston member 6, thereby
pushing the piston member 6 toward the protrusion 71 of the
plug 7.

A distal end face 71a, of the protrusion 71 of the plug 7
faces the other axial end face 6¢, (an end face of the piston
member 6, which is on the opposite side of the piston member
6 from the one end face 6b) of the piston member 6. The
protrusion 71 has a columnar shape, and its external diameter
is smaller than the inner diameter of the housing hole 300. The
distal end face 714, of the protrusion 71 is located within the
housing hole 300 even when the solenoid portion 2 is in the
non-operating state. That is, the distal end face 71a, of the
protrusion 71 is located within the housing hole 300 regard-
less of whether the solenoid portion 2 is in the non-operating
state or in the operating state.

In other words, the distal end portion of the protrusion 71
including the distal end face 71aq, is always located inside the
housing hole 300, and even if the spool valve 30 moves in the
axial direction, the distal end face 714, and the other end face
6¢, of the piston member 6 do not come out of the housing
hole 300. Therefore, the distal end of the tubular protruding
portion 34 does not contact the outer peripheral face 6a, of the
piston member 6, and the piston member 6 slides smoothly
with respect to the spool valve 30.

The other end face 6¢, of the piston member 6 is a convexly
curved face that bulges toward the protrusion 71, and the
distal end face 71a, of the protrusion 71 is a flat face that is
perpendicular to the central axis thereof. Thus, the piston
member 6 and the protrusion 71 easily move relative to each
other in the radial direction. Accordingly, even if the central
axis of the protrusion 71 is offset from the central axis C of the
spool valve 30, the spool valve 30 does not become eccentric
with respect to the valve hole 4a of the sleeve 4. This restricts
leakage of the hydraulic fluid.

Atthebottom 70 of the plug 7, the one end of the coil spring
50 contacts a portion of an inner face 70q, that faces the spool
valve 30, the portion being located around the base end por-
tion of the protrusion 71. An outer face 705, of the bottom 70
is formed in a shape of a concavely curved face. The other end
of the coil spring 50 contacts a step face 33a, between the
second land portion 33 and the tubular protruding portion 34.

In the solenoid valve 1 configured as described above,
when an exciting current is supplied to the electromagnetic
coil 20, the plunger 23 moves toward the core member 22 by
the magnetic force. The rod 24 pushes the spool valve 30, so
that the spool valve 30 axially moves in the valve hole 4a,
along the central axis C. When the spool valve 30 moves in the
axial direction, the supply port 41 and the output port 42 are
communicated with each other via the small-diameter portion
32. Thus, the hydraulic fluid is output from the output port 42
to a controlled object. Further, a pressure of the hydraulic
fluid supplied to the supply port 41 is introduced into the
space 300c¢, of the housing hole 300 via the introduction hole
320, thereby generating a feedback pressure for pushing the
spool valve 30 toward the solenoid portion 2.

The spool valve 30 changes a flow passage area between
the supply port 41 and the output port 42 and a flow passage
area between the output port 42 and the drain port 43 by
moving in the axial direction. The spool valve 30 is located at
such a position that the magnetic force of the electromagnetic
coil 20, the urging force of the coil spring 50, and the feedback
pressure are balanced with each other.

FIGS. 3A, 3B illustrate an example of the configuration of
a solenoid valve 1A in a comparative example. FIG. 3A is a
sectional view of the solenoid valve 1A, and FIG. 3B is an
external view thereof. In FIG. 3A and FIG. 3B, components
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having functions substantially the same as those of the com-
ponents described with reference to FIGS. 1A, 1B will be
denoted by the same reference numerals as those in FIGS. 1A,
1B, and redundant description thereof will be omitted.

In the solenoid valve 1A, the configurations of a spool
valve 30A of a spool control valve 3A and a sleeve 4A are
different from the configurations of the spool valve 30 and the
sleeve 4 of the solenoid valve 1 according to the above-
described embodiment. Note that the following description
will be provided on the assumption that the pressure and the
flow rate of hydraulic fluid in the solenoid valve 1A are the
same as those in the solenoid valve 1.

The spool valve 30A has a third land portion 35 and a boss
portion 36 instead of the tubular protruding portion 34 and the
housing hole 300. The sleeve 4A has a feedback port 45 that
communicates with the output port 42 via a valve body (not
shown). Further, an opening of the sleeve 4A is closed by a
plug 8.

The third land portion 35 is located closer to the second
land portion 33 than the feedback port 45. Upon reception of
apressure of hydraulic fluid supplied to the feedback port 45,
the spool valve 30A is pushed toward the solenoid portion 2.

The boss portion 36 is formed of a columnar base portion
361 and a protruding portion 362. The protruding portion 362
protrudes from the base portion 361 toward the plug 8, and
has a diameter smaller than that of the base portion 361. One
end of the coil spring 50 contacts a step face between the base
portion 361 and the protruding portion 362.

The plug 8 is a single-piece member having a disk-shaped
bottom 80, a protrusion 81, and a cylindrical portion 82. One
end of the coil spring 50 contacts the bottom 80. The protru-
sion 81 is arranged at the center portion of the bottom 80, and
protrudes toward the spool valve 30A. The cylindrical portion
82 is formed along the peripheral edge of the bottom 80, and
is screwed to the inner periphery of the tubular portion 44 of
the sleeve 4A. The height (axial length) of the protrusion 81 is
smaller than the height of the protrusion 71 of the plug 7 of the
solenoid valve 1 according to the above-described embodi-
ment. The protrusion 81 is configured so as not to contact the
protruding portion 362 of the boss portion 36.

When the axial dimension of the solenoid valve 1 is .1 and
the axial dimension of the solenoid valve 1A is L2, , L1, is
shorter than L2, by 10% or more. The reduction of the axial
dimension is achieved by employing the configuration in
which the housing hole 300 is formed in the spool valve 30
and the piston member 6 is slidably housed in the housing
hole 300.

That is, a pressure of the hydraulic fluid supplied to the
supply port 41 is introduced into the space 300¢, of the hous-
ing hole 300 via the introduction hole 320, thereby generating
a feedback pressure. With this configuration, the third land
portion 35 and the feedback port 45 of the solenoid valve 1A
are no longer necessary. Further, the coil spring 50 is brought
into contact with the step face 334, between the second land
portion 33 and the tubular protruding portion 34, thereby
causing the housing hole 300 and the coil spring 50 to overlap
with each other in the radial direction that is perpendicular to
the central axis C. This makes it possible to reduce a space
only for housing the coil spring 50. Accordingly, the axial
dimension of the solenoid valve 1 is made smaller than the
axial dimension of the solenoid valve 1A. Further, this reduc-
tion of the axial dimension makes the weight of the solenoid
valve 1 less than the weight of the solenoid valve 1A.

According to the above-described embodiment, it is pos-
sible to reduce the axial length of the solenoid valve 1. This
contributes to weight reduction of the solenoid valve 1.
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One example embodiment of the invention has been
described as above. However, the invention is not limited to
the above-described embodiment, and various modifications
may be made without departing from the scope of the inven-
tion. For example, the shape of the piston member 6 may be
modified as illustrated in FIGS. 4A, 4B and FIGS. 5A, 5B.

FIGS. 4A, 4B illustrate a piston member 6 A according to a
first alternative embodiment. FIG. 4A is an external view of
the piston member 6A, and FIG. 4B is a sectional view of the
piston member 6A taken along its central axis. The piston
member 6A is a single-piece member having a columnar shaft
portion 620 and four annular protrusions (first to fourth annu-
lar protrusions 621 to 624) arranged on the outer periphery of
the shaft portion 620. The first to fourth annular protrusions
621 to 624 are arranged at irregular intervals from one end 65,
to the other end 6¢. A first annular groove 631 is formed
between the first annular protrusion 621 and the second annu-
lar protrusion 622. A second annular groove 632 is formed
between the second annular protrusion 622 and the third
annular protrusion 623. A third annular groove 633 is formed
between the third annular protrusion 623 and the fourth annu-
larprotrusion 624. In the example illustrated in FIGS. 4A, 4B,
the first annular groove 631 and the third annular groove 633
has the same groove width. The groove width of the second
annular groove 632 is larger than the groove width of the first
and third annular grooves 631, 633. Outer peripheral faces
621a,, 6224a,, 623a,, 6244, of the first to fourth annular pro-
trusions 621 to 624 are in sliding contact with the inner
peripheral face 300qa, of the spool valve 30, which defines the
housing hole 300. With this alternative embodiment as well,
foreign matter such as minute iron powders mixed in the
hydraulic fluid are taken into the first to third annular grooves
631 to 633, thereby improving resistance to foreign matter.

FIGS. 5A, 5B illustrate a piston member 6B according to a
second alternative embodiment. FIG. 5A is an external view
of the piston member 6B, and FIG. 5B is a sectional view of
the piston member 6B along its central axis. In the piston
member 6B, multiple dimples 64 are formed in an outer
peripheral face 6a, thereof. In the example illustrated in
FIGS. 5A, 5B, the dimples 64 are formed with the substan-
tially uniform density from one end 65, to the other end 6c¢.
However, the dimples 64 may be formed non-uniformly, that
is, may be concentrated at the one end 6, side or the other end
6c, side. With this alternative embodiment as well, foreign
matter such as minute iron powders mixed in the hydraulic
fluid are taken into the multiple dimples 64, thereby improv-
ing resistance to foreign matter.

According to the invention, it is possible to reduce the axial
length of a solenoid valve.

What is claimed is:

1. A solenoid valve, comprising:

a tubular sleeve that has a supply port to which hydraulic
fluid is supplied and an output port that outputs the
hydraulic fluid;

a spool valve that is housed in a valve hole formed in the
sleeve so as to be movable in an axial direction of the
solenoid valve, and that changes a flow passage area
between the supply port and the output port by moving in
the axial direction;

a solenoid portion that operates upon reception of a supply
of exciting current to push the spool valve toward one
axial side; and

an elastic member that urges the spool valve toward the
solenoid portion, wherein

a housing portion that is a bottomed hole is formed in an
end portion of the spool valve so as to extend along a
central axis of the spool valve, the end portion being on
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an opposite side of the spool valve from the solenoid
portion, and a columnar piston member is slidably
housed in the housing portion,

the spool valve has an introduction hole through which a

pressure of the hydraulic fluid output from the output
port is introduced into a space between a bottom face of
the housing portion and one end face of the piston mem-
ber,

an opening in an end portion of the sleeve, the end portion

being on an opposite side of the sleeve from the solenoid
portion, is closed by a plug,

the plug has a protrusion that protrudes toward the spool

valve and that is formed at a center portion of the plug,
and a distal end face of the protrusion faces the other end
face of the piston member, and

the distal end face of the protrusion of the plug is located in

the housing portion of the spool valve regardless of
weather the solenoid portion is in a non-operating state
or in an operating state.

2. The solenoid valve according to claim 1, wherein the
introduction hole of the spool valve has an opening at the
bottom face of the housing portion.

3. The solenoid valve according to claim 2, wherein the
bottom face of the housing portion is formed into a tapered
shape such that a depth of the bottom face in a direction of the
central axis becomes gradually larger toward a center portion
of the bottom face.

4. The solenoid valve according to claim 1, wherein the
bottom face of the housing portion is formed into a tapered
shape such that a depth of the bottom face in a direction of the
central axis becomes gradually larger toward a center portion
of the bottom face.

5. The solenoid valve according to claim 1, wherein a
recessed portion in which foreign matter mixed in the hydrau-
lic fluid is retained is formed in an outer peripheral face of the
piston member.

6. The solenoid valve according to claim 2, wherein a
recessed portion in which foreign matter mixed in the hydrau-
lic fluid is retained is formed in an outer peripheral face of the
piston member.

7. The solenoid valve according to claim 3, wherein a
recessed portion in which foreign matter mixed in the hydrau-
lic fluid is retained is formed in an outer peripheral face of the
piston member.

8. The solenoid valve according to claim 1, wherein elec-
troless plating is performed on an area of the spool valve, the
area including an inner face of the housing portion.

9. The solenoid valve according to claim 2, wherein elec-
troless plating is performed on an area of the spool valve, the
area including an inner face of the housing portion.

10. The solenoid valve according to claim 3, wherein elec-
troless plating is performed on an area of the spool valve, the
area including an inner face of the housing portion.

11. The solenoid valve according to claim 5, wherein elec-
troless plating is performed on an area of the spool valve, the
area including an inner face of the housing portion.

12. The solenoid valve according to claim 1, wherein the
introduction hole extends in a direction oblique to a radial
direction, which is perpendicular to the central axis of the
spool valve.

13. The solenoid valve according to claim 1, wherein:

the bottom face of the housing portion includes a tapered

shape portion, and

the introduction hole has a first opening that is formed on

an outer surface of housing portion and a second opening
that is formed on the tapered shape portion of the bottom
face, the introduction hole extending in a direction sub-
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stantially perpendicular to a direction in which the
tapered shape portion extends.

14. A solenoid valve, comprising:

a tubular sleeve that has a supply port to which hydraulic
fluid is supplied and an output port that outputs the
hydraulic fluid;

a spool valve that is housed in a valve hole formed in the
sleeve so as to be movable in an axial direction of the
solenoid valve, and that changes a flow passage area
between the supply port and the output port by moving in
the axial direction;

a solenoid portion that operates upon reception of a supply
of exciting current to push the spool valve toward one
axial side; and

an elastic member that urges the spool valve toward the
solenoid portion, wherein

a housing portion that is a bottomed hole is formed in an
end portion of the spool valve so as to extend along a
central axis of the spool valve, the end portion being on
an opposite side of the spool valve from the solenoid
portion, and a columnar piston member is slidably
housed in the housing portion,

the spool valve has an introduction hole through which a
pressure of the hydraulic fluid output from the output
port is introduced into a space between a bottom face of
the housing portion and one end face of the piston mem-
ber,
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the introduction hole is located at an opposite side of the
output port with respect to the central axis of the spool
valve,

an opening in an end portion of the sleeve, the end portion
being on an opposite side of the sleeve from the solenoid
portion, is closed by a plug,

the plug has a protrusion that protrudes toward the spool
valve and that is formed at a center portion of the plug,
and a distal end face of the protrusion faces the other end
face of the piston member, and

the distal end face of the protrusion of the plug is located in
the housing portion of the spool valve regardless of
whether the solenoid portion is in a non-operating state
or in an operating state.

15. The solenoid valve according to claim 14, wherein:

the bottom face of the housing portion includes a tapered
shape portion, and

the introduction hole has a first opening that is formed on
an outer surface of housing portion and a second opening
that is formed on the tapered shape portion of the bottom
face, the introduction hole extending in a direction sub-
stantially perpendicular to a direction in which the
tapered shape portion extends.
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